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(57) ABSTRACT 

A nitride semiconductor light emitting device is formed by: 
forming a resist pattern on a first nitride semiconductor layer 
formed on a substrate, the resist pattern having a region 
whose inclination angle relative to a Substrate surface 
changes Smoothly as viewed in a cross section perpendicular 
to the Substrate Surface; etching the Substrate by using the 
resist pattern as a mask to transfer the resist pattern to the 
first nitride semiconductor layer; and forming an light emit 
ting layer on the patterned first nitride semiconductor layer. 
The nitride semiconductor light emitting device can emit 
near-white light or have a wavelength range generally 
equivalent to or near visible light range. 
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NITRIDE SEMCONDUCTOR CRYSTAL WITH 
SURFACE TEXTURE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on and claims priority of 
Japanese Patent Application No. 2006-230484 filed on Aug. 
28, 2006, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002 A) Field of the Invention 
0003. The present invention relates to semiconductor 
crystal, a light emitting device using the semiconductor 
crystal, and its manufacture method, and more particularly 
to nitride semiconductor crystal, a light emitting device 
using the semiconductor crystal, and its manufacture 
method. Nitride semiconductor is intended to mean semi 
conductor including mixed crystal represented by a compo 
sition formula of AlGaIn-N and containing gallium 
nitride (GaN) as its main component and optional aluminum 
(AL) and indium (In) Substituting for Ga. 
0004 B) Description of the Related Art 
0005 Although the performance of a light emitting diode 
(LED) has improved recently and its application field is 
broadened, the performance is desired to be improved fur 
ther. The performance of a semiconductor light emitting 
device particularly emitting white light, is desired to be 
improved. 
0006 Various proposals have been made. For example, 
phosphor-containing resin may seal a package mounting a 
blue LED. Phosphor is excited by blue light to obtain pseudo 
white light. Alternatively, LEDs of three primary colors, R 
(red), green (G) and blue (B), may be mounted in a package 
to obtain white light. When phosphor is used, there is a 
process of mixing phosphor in resin. If monochromatic 
LEDs are used, mounting process becomes complicated. A 
white LED with simplified structure which can be manu 
factured through simplified process is desired. 
0007 JP-HEI-A-11-289108, which is herein incorporated 
by reference in its entirety, has proposed a gallium nitride 
based compound semiconductor light emitting device in 
which indium (In) is added in light emitting layer in varied 
composition to broaden a light emission wavelength range 
and emit near-white light. 
0008 JP-A-2000-286506, which is herein incorporated 
by reference in its entirety, has proposed a GaN based light 
emitting device in which a V groove is formed and then 
GaNAS or GaNP active layer is grown thereon to emit light 
having a plurality of wavelengths, enabling generation of 
near-white light through color mixture. 
0009 JP-A-2003-101156, which is herein incorporated 
by reference in its entirety, has proposed a GaN based light 
emitting device in which a plurality of nitride semiconductor 
layers having inclination angles are formed on a Substrate to 
emit light having a plurality of wavelengths, enabling gen 
eration of near-white light through color mixture. 
0010. It is desired to realize a light emitting device 
capable of emitting white light having good color rendering 
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and a light emitting device having an emission wavelength 
range equivalent to or near visible light range. 

SUMMARY OF THE INVENTION 

0011. It is an object of the present invention to provide a 
nitride semiconductor light emitting device capable of emit 
ting near-white light or providing an emission wavelength 
range equivalent to or near visible light range. 
0012. According to one aspect of the present invention, 
there is provided a method for manufacturing a nitride 
semiconductor light emitting device, comprising the steps 
of: (a) forming a resist pattern on a first nitride semicon 
ductor layer formed above a Substrate, said resist pattern 
having a region whose inclination angle of an upper Surface 
relative to a Substrate Surface changes Smoothly as viewed in 
a cross section perpendicular to the Substrate Surface; (b) 
etching said Substrate by using said resist pattern as a mask 
to transfer said resist pattern to said first nitride semicon 
ductor layer; and (c) forming an active layer on said pat 
terned first nitride semiconductor layer. 
0013. According to another aspect of the present inven 
tion, there is provided a method for manufacturing a nitride 
semiconductor crystal, comprising the steps of (a) forming 
a resist pattern on a first nitride semiconductor layer formed 
above a Substrate, said resist pattern having a region whose 
inclination angle of an upper Surface relative to a substrate 
Surface changes Smoothly as viewed in a cross section 
perpendicular to the substrate surface; (b) etching said 
Substrate by using said resist pattern as a mask to transfer 
said resist pattern to said first nitride semiconductor layer; 
and (c) forming an active layer on said patterned first nitride 
semiconductor layer. 
0014. According to another aspect of the present inven 
tion, there is provided a nitride semiconductor light emitting 
device comprising: a Substrate; and an active layer stacked 
above said Substrate and having a surface including a region 
whose inclination angle relative to a Substrate surface 
changes Smoothly as viewed in a cross section perpendicular 
to the substrate surface. 

00.15 According to another aspect of the present inven 
tion, there is provided a nitride semiconductor crystal com 
prising: a Substrate; and an active layer stacked above said 
Substrate and having a surface including a region whose 
inclination angle relative to a substrate Surface changes 
Smoothly as viewed in a cross section perpendicular to the 
Substrate surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1A to 1F are schematic cross sectional views 
illustrating a manufacture method for a nitride semiconduc 
tor light emitting device according to a first embodiment. 
0017 FIG. 2A is a schematic cross sectional view illus 
trating lithography process in which a resist layer formed on 
a first nitride semiconductor layer is exposed by contact 
exposure, and FIG. 2B is a schematic cross sectional view 
illustrating lithography process in which a resist layer 
formed on the first nitride semiconductor layer is exposed by 
proximity exposure. 
0018 FIG. 3 is a plan view showing an example of a 
mask pattern. 
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0019 FIGS. 4A to 4C show AFM images obtained from 
Surface pattern examples of the first nitride semiconductor 
layer according to the embodiment. 
0020 FIG. 5 is a perspective view showing another 
surface pattern of the first nitride semiconductor layer. 
0021 FIG. 6 is an emission spectrum of a light emitting 
layer excited by a He—Cd laser. 
0022 FIG. 7 is a perspective view showing a surface 
pattern of a nitride semiconductor light emitting device 
according to a second embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0023. With reference to FIGS. 1A to 1F, description will 
be made on method for manufacturing a light emitting 
device using nitride semiconductor crystal, according to the 
first embodiment. 

0024 Sapphire or the like is generally used as the mate 
rial of a substrate 1 on which a nitride semiconductor layer 
is to be grown. In this embodiment, a 2-inch Sapphire 
substrate is used. Materials SiC. GaO, ZnO or the like may 
also be used as the substrate. A thickness of the substrate 1 
is, for example, 430 um, and one Surface of the Substrate is 
polished. 

0.025 The substrate 1 is first introduced into a metal 
organic chemical vapor deposition (MOCVD) system. The 
substrate 1 is heated to 1000° C. and left in a hydrogen 
atmosphere for 7 minutes to thereby conduct so-called 
thermal cleaning which removes oxygen molecules, OH 
radicals and the like attached to the surface of the substrate 
1. 

0026. As shown in FIG. 1A, after the thermal cleaning, a 
first nitride semiconductor layer 2 is grown on the Substrate 
1. For example, GaN is used as the material of the first 
nitride semiconductor layer. More specifically, a buffer layer 
is formed on the substrate 1 to improve crystallinity of GaN. 
A buffer layer of initially low crystallinity and amorphous 
like phase is growing by Supplying trimethylgallium (TMG) 
at 10.4 umol/min and ammonium (NH) at 3.3 LM (liter per 
minute at 25° C., one atmospheric pressure) in an atmo 
sphere of mixed hydrogen and nitrogen on a Substrate at a 
temperature of 525 C., for 3 minutes. 
0027 Next, the first GaN layer not doped with impurities 

is formed by suppressing growth speed. The first GaN layer 
is grown to a thickness of 0.3 um by supplying TMG at 23 
umol/min and NH at 2.2 LM in an atmosphere of mixed 
hydrogen and nitrogen on a Substrate at a temperature of 
1000° C., for 15 minutes. 
0028 By increasing the growth speed, the second GaN 
layer not doped with impurities is formed. The second GaN 
layer is grown to a thickness of 2 um by Supplying TMG at 
45umol/min and NH at 4.4 LM in an atmosphere of mixed 
hydrogen and nitrogen and on a Substrate at a temperature of 
1000° C., for 43 minutes. 
0029. The first n-type GaN layer doped with silicon (Si) 

is further grown. The first n-type GaN layer is grown to a 
thickness of 3.5 um by supplying TMG at 45umol/min, NH 
at 4.4 LM and SiH4 as silicon source at 2.7 nmol/min in an 
atmosphere of mixed hydrogen and nitrogen on a substrate 
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at a temperature of 1000° C., for 77 minutes. A molecule 
(atom) ratio Si/TMG of doped Si to TMG is 6E-5 (6x10, 
ax10" is denoted by an). With these processes, the first 
nitride semiconductor layer 2 is formed. 
0030 Lamination structure of portion A surrounded by a 
broken line is shown to the left of FIG. 1A. As shown, the 
first nitride semiconductor layer 2 has a lamination structure 
of the buffer layer 2b, the first GaN layer 2g1, the second 
GaN layer 2g2 and the first n-type GaN layer 2n1 stacked in 
this order. 

0031. After the first nitride semiconductor layer 2 is 
formed, the substrate 1 stacked with the first nitride semi 
conductor layer 2 is once unloaded from the MOCVD 
system. The unloading process of the Substrate 1 is in the 
following manner. First, after a supply of TMG is stopped, 
the substrate temperature is lowered at a temperature fall 
rate of 200° C./min while NH is supplied at 4.4 LM in an 
atmosphere of mixed hydrogen and nitrogen. Supply of NH 
is stopped at a substrate temperature of 500°C., and then the 
substrate 1 is taken out of the reaction chamber at a substrate 
temperature of 150° C. to 250° C. 
0032. A resist pattern will be formed on the first nitride 
semiconductor layer. More specifically, the substrate 1 is 
cleaned with acetone or isopropyl alcohol (IPA) by using an 
ultrasonic wave cleaner. 

0033) As shown in FIG. 1B, a photoresist layer 3 is 
spin-coated on the nitride semiconductor layer 2. In this 
example, an AZ5214 negative type resist layer is spin-coated 
on the substrate at 6000 rpm. A thickness of the resist layer 
is about 1 lum. Thereafter, the photoresist layer is pre-baked 
at 90° C. for 60 seconds, and then the photoresist layer 3 is 
patterned. 

0034 FIGS. 2A and 2B illustrate two types of patterning 
process for the photoresist layer 3. As shown in FIGS. 2A 
and 2B, the photoresist is patterned by exposure and devel 
opment. 

0035) Description will be made on a contact exposure 
patterning shown in FIG. 2A A mask 8 is constituted of a 
mask Substrate 8s and a metal pattern 8m having a prede 
termined pattern and formed on the lower surface of the 
mask Substrate. The mask 8 is disposed by contacting the 
metal pattern 8m on the photoresist layer 3. 
0036 FIG. 3 is a plan view showing an example of the 
metal pattern 8m of the mask 8. As shown, the mask pattern 
has circular dots (openings) 9 having a diameter of 2.5 um 
and disposed in close-packed structure (in this example, in 
hexagonal close-packed configuration). A distance between 
adjacent dots is 5um. Ultraviolet (UV) rays are irradiated to 
the mask Substrate at an exposure energy amount of 50 
mJ/cm. Light passed through the dots 9 is applied to the 
resist. Development is performed thereafter for 60 seconds 
at a room temperature by using AZ-Developer as develop 
ment liquid. Since a negative type resist is used in this 
embodiment, the resist applied with light is left after devel 
opment. 

0037 As shown in the lowest portion of FIG. 2A, light is 
also applied to some extent to the neighboring outer area of 
each dot as viewed in plan, and each dot pattern has a 
protrusion sharply rising in the dot area and gradually 
lowering at its skirt portion in the outer area. 
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p-type aluminum gallium nitride (AlGaN) layer doped with 
magnesium (Mg) is grown. The p-type A1GaN layer is 
grown to a thickness of 40 nm by supplying TMG at 8.1 
umol/min, trimethylaluminum (TMA) at 7.56 umol/min, 
NH, at 4.4 LM and Cp2Mg as Mg source at 0.149 umol/min 
in an atmosphere of mixed hydrogen and nitrogen under the 
conditions of a substrate temperature of 870° C. and a 
growth time of 5 minutes. A molecular (atomic) ratio of 
doped Mg to TMG (Mg/TMG) is 0.0184. 

0.058 Next, a first p-type GaN layer doped with Mg is 
grown. The first p-type GaN layer is grown to a thickness of 
100 nm by supplying TMG at 18 umol/min, NH at 4.4 LM 
and CpMg as Mg source at 0.198 mol/min in an atmo 
sphere of mixed hydrogen and nitrogen under the conditions 
of a substrate temperature of 870° C. and a growth time of 
4 minutes. A molecule (atom) ratio (Mg/TMG) of doped Mg 
to TMG is 0.011. 

0059 Next, a second p-type GaN layer having an Mg 
dose larger than that of the first p-type GaN layer is grown. 
The second p-type GaN layer is grown to a thickness of 50 
nm by supplying TMG at 18 umol/min, NH at 4.4 LM and 
Cp2Mg, as Mg source at 0.234 umol/min in an atmosphere of 
mixed hydrogen and nitrogen under the conditions of a 
substrate temperature of 870° C. and a growth time of 2 
minutes. A molecular (atomic) ratio of doped Mg to TMG 
(Mg/TMG) is 0.013. With these processes, the second 
nitride semiconductor layer 6 is formed. 

0060. As shown in FIGS. 1E and 1F, an active layer 
including the laminated light emitting layers, a portion of the 
first nitride semiconductor layer 2 and a portion of the 
second nitride semiconductor layer 6 has different inclina 
tion angles at respective layers in the active layer, as viewed 
in a cross section perpendicular to the Substrate surface. The 
inclination angle becomes gentler at the upper layer. It is 
therefore possible that the light emitting layer has a broad 
inclination angle distribution. 
0061 Next, heat treatment is performed to activate doped 
impurities in a nitrogen atmosphere at 850° C. for one 
minute. 

0062. As shown in FIG. 1F, an n-type electrode 7n and a 
p-type electrode 7p are formed in the following manner. 
First, the second nitride semiconductor layer 6, light emit 
ting layer and a portion of the first nitride semiconductor 
layer 2 are removed by dry etching starting from the second 
nitride semiconductor layer 6 side. As an etching mask, a 
resist pattern or a metal film is generally used, and chlorine 
containing gas is used as etching gas. An etcher is an ICP dry 
etching system. A parallel plate dry etching system may also 
be used. 

0063. The n-type electrode 7m is formed being electri 
cally connected to the exposed first nitride semiconductor 
layer 2. 

0064. The p-type electrode 7p is formed on and electri 
cally connected to the second nitride semiconductor layer 6. 

0065. The electrodes are formed of metals which have a 
high conductivity and are relatively inexpensive and 
durable. For example, Ti/A1 is used for the n-type electrode 
7n, and Ni/Au is used for the p-type electrode 7p. 
0.066 Lastly, the substrate is separated into chips by 
scribing and cleaving to complete the nitride semiconductor 
light emitting device of the embodiment. 
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0067 FIG. 6 shows an emission spectrum of the light 
emitting layer of a nitride semiconductor light emitting 
device having the surface texture in the active layer shown 
in FIG. 4A. Nitride semiconductor in a wafer state was 
excited with an excitation light source of He—Cd laser (325 
nm) of 2 mVW and 2.5 mm diameter, and optical emission 
from the semiconductor was measured with a spectropho 
tOmeter. 

0068. As shown in FIG. 6, optical emission was observed 
in a wide wavelength range, with a full width at half 
maximum (FWHM) being 168 nm. A full width at half 
maximum (FWHM) of an optical emission spectrum of a 
reference sample (optical emission peak wavelength of 498 
nm) was 28 nm. The reference sample has a flat active layer 
and the same composition as that of the embodiment nitride 
semiconductor light emitting device. The optical emission 
FWHM of the embodiment device is about a sixfold of that 
of the reference sample. 
0069 FIG. 7 is a perspective view showing the texture of 
an active layer of the second embodiment. The active layer 
of the nitride semiconductor light emitting device of the 
second embodiment is formed to have areas of different 
texture, as shown in FIG. 7. 
0070 Specifically, the light emitting device shown in 
FIG. 7 has three light emitting regions 101, 102 and 103 
having different light emission wavelength ranges. 
0071. The light emitting region 103 has a flat active layer 
like the reference sample of the first embodiment. Nitride 
semiconductor crystal of the light emitting region has a 
composition different from that of the reference sample. In 
this embodiment, the composition is adjusted to obtain 
optical emission in the green light emission range (500 nm 
to 540 nm). 
0072 The first nitride semiconductor layer 2 is etched by 
using a resist etching mask patterned in a shape similar to 
that of FIG. 5, to form the light emitting regions 101 and 102 
having rib-like Smooth stripe surface textures disposed peri 
odically and having maximum inclination angles of 0 and 
0 along a-axis and M-axis directions, respectively. 
0073. The light emitting region 101 has the active layer 
having the Surface angle distribution along the a-axis direc 
tion. The distribution range of inclination angles along the 
a-axis direction is 0° to 3°. The light emitting region 101 
provides the light emitting layer having a blue light emission 
range (440 nm to 500 nm). 
0074 The light emitting region 102 has the active layer 
having the Surface angle distribution along the M-axis 
direction. The distribution range of inclination angles along 
the M-axis direction is 0° to 30°. The light emitting region 
102 provides the light emitting layer having a red light 
emission range (540 nm to 640 nm). 
0075) These light emitting regions 101 to 103 are formed 
by performing resist-etching twice (one for the light emitting 
region 101 and the other for the light emitting region 102), 
and juxtaposed as shown in FIG. 7. It is expected that a 
nitride semiconductor light emitting device is realized hav 
ing a light emission wavelength range (440 nm to 640 nm) 
near the whole visible light range. 
0076. Other manufacture processes are similar to those of 
the first embodiment. 

0077. The surface pattern of each light emitting region is 
not limited to a set of ridges, but may be the pattern as shown 
in FIG. 4A to 4C. 
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0078. As described so far, by using the nitride semicon 
ductor light emitting device of the embodiments, light 
emission of good color rendering can be obtained having a 
light emission wavelength spectrum distribution near the 
visible light range. 
0079 The present invention has been described in con 
nection with the preferred embodiments. The invention is 
not limited only to the above embodiments. For example, 
positive type resist may be used as the photoresist 3 by 
properly adjusting an exposure amount, mask metal pattern 
8m and the like. For more example, inclination angle may be 
0° to 30° along a-axis direction, and 0° to 90° along M-axis 
direction, depended on the light emission wavelength range. 
0080. It will be apparent to those skilled in the art that 
other various modifications, improvements, combinations, 
and the like can be made. 

What are claimed are: 
1. A method for manufacturing a nitride semiconductor 

light emitting device, comprising the steps of: 

(a) forming a resist pattern on a first nitride semiconductor 
layer formed above a Substrate, said resist pattern 
having a region whose inclination angle of an upper 
Surface relative to a substrate Surface changes Smoothly 
as viewed in a cross section perpendicular to the 
Substrate surface; 

(b) etching said substrate by using said resist pattern as a 
mask to transfer said resist pattern to said first nitride 
semiconductor layer, and 

(c) forming an active layer on said patterned first nitride 
semiconductor layer. 

2. The method for manufacturing a nitride semiconductor 
light emitting device according to claim 1, wherein said step 
(a) comprises: 

(a-1) coating a resist layer on said first nitride semicon 
ductor layer; and 

(a-2) exposing and developing said resist layer to form 
said resist pattern having said region. 

3. The method for manufacturing a nitride semiconductor 
light emitting device according to claim 2, wherein said 
active layer includes an n-type nitride semiconductor layer, 
a p-type nitride semiconductor layer and a plurality of light 
emitting regions having different light emission wavelength 
ranges. 

4. The method for manufacturing a nitride semiconductor 
light emitting device according to claim 3, wherein said 
inclination angle is 0° to 30° along an a-axis direction or 0° 
to 90° along an M-axis direction. 

5. The method for manufacturing a nitride semiconductor 
light emitting device according to claim 4, wherein said 
resist pattern has a plurality of projections. 

6. The method for manufacturing a nitride semiconductor 
light emitting device according to claim 5, wherein said 
projections are disposed in hexagonal close-packed configu 
ration. 

7. The method for manufacturing a nitride semiconductor 
light emitting device according to claim 5, wherein said 
projections are rib-like Stripes. 

8. A method for manufacturing a nitride semiconductor 
crystal, comprising the steps of: 
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(a) forming a resist pattern on a first nitride semiconductor 
layer formed above a Substrate, said resist pattern 
having a region whose inclination angle of an upper 
Surface relative to a substrate Surface changes Smoothly 
as viewed in a cross section perpendicular to the 
Substrate surface; 

(b) etching said Substrate by using said resist pattern as a 
mask to transfer said resist pattern to said first nitride 
semiconductor layer, and 

(c) forming an active layer on said patterned first nitride 
semiconductor layer. 

9. The method for manufacturing a nitride semiconductor 
crystal according to claim 8, wherein said step (a) com 
prises: 

(a-1) coating a resist layer on said first nitride semicon 
ductor layer; and 

(a-2) exposing and developing said resist to form said 
resist pattern having said region. 

10. The method for manufacturing a nitride semiconduc 
tor crystal according to claim 9, wherein said active layer 
includes an n-type nitride semiconductor layer, a p-type 
nitride semiconductor layer and a plurality of light emitting 
regions having different light emission wavelength ranges. 

11. A nitride semiconductor light emitting device com 
prising: 

a Substrate; and 

an active layer stacked above said Substrate and having a 
Surface including a region whose inclination angle 
relative to a Substrate surface changes Smoothly as 
viewed in a cross section perpendicular to the Substrate 
Surface. 

12. The nitride semiconductor light emitting device 
according to claim 11, wherein said active layer includes an 
n-type nitride semiconductor layer and a p-type nitride 
semiconductor layer, and a plurality of light emitting regions 
having different light emission wavelength ranges. 

13. The nitride semiconductor light emitting device 
according to claim 12, wherein material of said active layer 
contains nitride semiconductor represented by a composi 
tion formula of Al InGaN. 

14. The nitride semiconductor light emitting device 
according to claim 13, wherein said inclination angle is 0° 
to 30° along an a-axis direction or 0° to 90° along an M-axis 
direction. 

15. The nitride semiconductor light emitting device 
according to claim 14, wherein said Surface has a plurality 
of projections. 

16. The nitride semiconductor light emitting device 
according to claim 15, wherein said projections are disposed 
in hexagonal close-packed configuration. 

17. The nitride semiconductor light emitting device 
according to claim 15, wherein said projections are rib-like 
stripes. 

18. A nitride semiconductor crystal comprising: 
a Substrate; and 

an active layer stacked above said Substrate and having a 
Surface including a region whose inclination angle 
relative to a Substrate surface changes Smoothly as 
viewed in a cross section perpendicular to the Substrate 
Surface. 
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19. The nitride semiconductor crystal according to claim 20. The nitride semiconductor crystal according to claim 
18, wherein said active layer includes an n-type nitride 19, wherein said inclination angle is 0° to 30° along an 
semiconductor layer and a p-type nitride semiconductor a-axis direction or 0° to 90° along an M-axis direction. 
layer, and a plurality of light emitting regions having dif 
ferent light emission wavelength ranges. k . . . . 


